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Solvent Effects in the Electrooxidation of
Ferrocene st Pt in the Temperature Range 200-
300 °K

A.S. Baranski and K. Winkler
Department of Chenuistry
University of Saskatchewan
Saskatoon, Sask., Canada

and

W.R. Fawcegt .
Department of Chemistry
University of California
Davis, CA 95616

The effect of the solvent in the kinetics of simple
electrode reactions has been the subject of considerable
interest in recent years {1]. In the case of electron wransfer
reactions, one recognizes two ways in which the solvent
influences the rate constant, namely, through its influence
on the outer sphere contribution to the activation barrier,
AGY and through its dynamical role in aﬁ'ecting the pre-
exponential factor. Weaver and coworkers [2, 3] have
shown that the metallocenes are particularly good systems
to exarmine solvent effects on electron ransfer reactions for
several reasons: they are neutral or have unit charge in the -
redox couple; they have low inner reorganizati
energies; and they can be considered spherical to a first
approximation. the present study is concerned with
ferrocene, a molecule which is oxidized at fairly positive
potentials with respect to other metailocenes studied in this
context (2]. The goal of this work was (0 examine the
effect of the solvent over a wide range of temperature and
in a number of solvents. .

The kinetic data were obtained using either cyclic
voltammetry of a.c. admittance measurements depending
on the magnitude of the rate constant.  The working
electrode was an ujtramicroelectrode made from a Pt wire
with a radius of 12.5 um which was sealed in a soft glass
capillary. The tp of the capillarv was prepared by
polishing with extra fine carborundum paper followed by
0.3 wm alumina. The counter elecrode was also Py, and
the Ag/Ag* system was used as reference. Constant
temperatures down to -55 °C were obuained using &
methanol bath in a Dewar flask whose temperature was
controlled wizhmimn:exiorlllcooler. i:nﬁmnn
at lower temperatures, the cell was cooled with liqui
nitrogen and then slowly warmed up to the desired
temperature. During the warming period, the solution
was stirred and the temperature  monitored using an
internsl thermometer. Iwuposxibletokeg:d\e
temperature in the cell constant o within 1 °C for several
minutes by varying its height above the boiling liquid
nitrogen in & Dewar flask in a similar manner (o that used
in NMR experiments.

solvents at 285 °K.  The standard rate constant vasicd
from & high of 2.6 cm s-! in acetonitrile 0 a low of 0.14
cm 5! in tetrahydrofuran. Values of the apparent gansfer
coefficient were all close 10 0.5. We emphasize that the
data reported here are mare precise than those usually

reported in the range in question, because of the fact that
they were acquired at ultramicroelectrodes far which
problems with uncompensated resistance are negligible.

A plot of the logarithm of the standard rate constant
against the logarithm of the longitudinal relaxator time for
the solvent is shown in Figure 1. A good linear
relationship is obtained whose slope is very close to unity.
This result suggests that the heterogeneous oxidation of
ferTocene can be considered an adiabatic process. The
scatter about the best straight line is artributed to variaton
in AGge With solvent nawre,

Kinetic data obtained in methanol, ethanol, and 1-
propanol as & function of are shown in Fig. 2.
As one would expect on the basis of the solvent dynamical
effect, the rate constant at & given temperature decreases
with the molecular weight of the alcohol. When the data
at 285 °K are comrpared with those obtained in aprotic
solvents it is clear that the solvent dynanical effect in the
alcohols is controlled by higher frequency relaxation
processes in so far as electron transfer is concemned.
From the siopes of the plots in Fig. 2, one estumates
experimental enthalpies of activarion equai i 9.7, 2.6, and
12.4 XJ mol™! in methanol, ethano!, and 1-propanol,
respectively. For a process in which solvent dynamical
effcctsmimpqum,meexpaimmm enthaipy of
activation, A}i,.isrehtadwmcmemhupyd
activation, AH® by the equation [4]

AH)y = AH® + @ AH, (1)

where AH¢ is the enthalpy associated with the emperature
dependence of the longitudinal relaxation ume, and &, a
coefficient related 1o the degree of reaction adiabaricity (5).
On the basis of dielectric relaxation dat in the alcohols (6],
AHy for the second relaxation process in the alcohols is
less than AHy, whereas AHi for the first relaxation
process is greater. It follows that dynamical solvent
effects related to the first relaxation process in the aicobols
do not influence e rate of electron transfer if the
coefficient @ is unity as suggested by the data at 285 °K.

_ The above dam are analyzed further to extract the
Gibbs energy and entropy of activation for the
electrooxidanon of ferrocene. The results are compared
with those reported earlier {7} for homogeneous electron
transfer for this system and related ones. The significance
of these data are discussed with respect to current
theoretical developments in this area.
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Figure 1.

Plot of the logarithm of the standard rate
constant for the electrooxidation of
ferrocene at Pt against the logarithm of the
solvents' longitudinal relaxanon time for
nine different aprotic solvents.
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Figure 2.

Plotofthclognrithmofmestandmum
constant for the electrooxidation of
ferrocene at Pt against the reciprocaj of the
Kelvin temperature for data obtained in
methanol (e), ethanol (®), and 1-propancl
(A).
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